In thin nematic films the director field n may only depend on z, the normal to the film plane. There are two stable configurations with less than all three types of deformation present, the pure twist and the pure splay-bend. For the pure twist under the additional influence of an external field normal to the twist plane the range of stability is well known already. For the pure splaybend the critical equation is derived here under the additional influence of an external field normal to the splay-bend plane. It comes out as an eigenvalue problem which can be solved using Ritz' method. Numerical solutions are presented for Kt=K3 . To avoid the appearence of disclinations or walls in the subcritical range requires A<p<n;/2 resp. K2>2 Kx + Ks/2. This is a condition which hardly can be observed.
An analogeous relation holds for an electrical voltage U between the film walls. Using Acp = jt/2 we obtain the Schadt-Helfrich cell 3 .
The conditions for the existence of a critical transition remain fulfilled as long as the external field produces no torque in the subcritical range. Another kind of deformation in 11 (z), namely a pure twist-bend without splay could be realized by
However it can be shown that such a field is not stable.
In this paper the critical parameters of a pure splay-bend deformation shall be found including the influence of an external field in y direction. This task will lead to an eigenvalue problem. Approximate solutions will be obtained by applying the Ritz the z axis which is normal to the layer. We adjust the x and y axis so that ny = 0 first. Now the director at the boundaries z = +dj2 will be rotated by ± in opposite directions within the x-z plane.
By this way the layer undergoes a splay-bend deformation. One has to determine the critical angle c, at which the director will leave the x-z plane. The critical angle will depend on .
For a director field TI (z) in equilibrium the continuum theory requires the total torque density I 1 (z), which is caused by the molecular field h(z) acting upon TI (z), to be zero:
where h = h s + h T + h B .
The splay, twist, and bend components are defined by the following equations 5
with A = TI rot n,
with B = n x rot n.
Hereby ny, ny , and ny" (' for d/dz) are treated as small quantities so that only the linear approximation needs to be considered. In addition we make use of the normalizing condition
The y component of Eq. (2) gives
To be short we define
The z component of Eq. (2) gives d
(8)
The x component of Eq. (2) gives a differential equation, which is the sum of (8) and (10) and therefore can be forgotten.
When we write nx = sin $ (z), n2 = cos$(z) we have attended to Eq. (7). Then from Eq. (8) we obtain
The explicite solution with the boundary conditions taken into account is with the boundary conditions ny( + d/ 2) = 0 (boundary value problem of the first kind). For shortness we have used
nT az
The search for a critical equation analogeous to Eq. (1) leads us to the problem of calculating the lowest eigenvalue parameter , for which a non trivial solution ny(z) 4= 0 is allowed. For this task the Ritz method 4 shall be applied.
In this method the unknown function ny{z)
is replaced by
where the c& are free coefficients. For v^^z) one makes a good choice of so called comparison functions which have to fulfill all boundary conditions and which shall be similar to the exact eigenfunctions. For demands of a reasonable accuracy it is often sufficient to use only v1 (z), if skilfully chosen. From d/(c1)/dc1 = 0 w r e obtain the eigenvalue equation
7(z)=/dz/y/(z) .
Instead of ^ = #1 c we use as an eigenvalue
= 2 (18)
So nx, g, and h are functions of z and 2. However as long as nx contains elliptical integrals, as can be seen from Eq. (12), the efforts for obtaining solutions of (17) are too expensive. In § 3 we shall present a special case where numerical calculations can be obtained with a pocket computer.
Beforehand, however, let us discuss the influence of a homogeneous external field, for example a magnetic field H, on the general formulation of the problem.
In order to conserve the critical conditions, H can only be parallel or normal to the y axis. In the latter case again the calculation would be too cumbersome. Therefore let us restrict to ff = (0, H, 0). 
Its contribution to the torque density jT is rff = ju0Xa(n-H)(nxH
So also g and p are known as simple functions of z and X. As a comparison function we choose
Now the integration of Eq. (17) can be performed
and we obtain the critical equation. Here the migration into the third dimension is only feasible after the "peaked" structure (Zipfelstruktur) has been formed. In the "peaked" structure the layer obeys homeotropic wall conditions and the director is turned by n when going from wall to wall. For symmetry reasons this structure remains indifferent against rotations around the z axis. In order to test the grade of approximation, obtained in Eq. (22) using only one comparison function, a second comparison function v2(z) = cos 3 Ji zfd has been introduced. Spot checks have resulted a decrease in / of less than one percent. So the graphs in Fig. 1 approach the exact shape pretty well and present the qualitative behaviour in a correct manner.
• Within certain limits also the case y.x = 0 can be easily calculated using Ritz' method. Here nx becomes a linear function of z and as a good comparison function we can choose fx(z) =1-4 z 2 /</ 2 . As soon as nx becomes + 1, however, a splay-wall singularity appears. This makes a discussion difficult. Anyway computer calculations are planned for the whole range 0<Xj<1, so that a discussion of this unrealistic case will not be necessary now.
Finally let us discuss by what way the special boundary conditions could be realized experimentally. First we could think of only changing the external field while the wall angles + an<^ (#0 -are kept constant. Oblique wall angles could be enforced, for instance, by inclined vaporization of the walls. A possibility how to increase the wall angles gradually with time cannot be seen at the moment. However a similar condition can be accomplished using Poiseuille flow of a homeotropic layer. Here the velocity gradient is largest near the walls producing a rotation of the director towards flow alignment. The middle part of the layer undergoes an increasing splay-bend deformation with increasing flow rate. Experiments of this kind have been performed in our laboratory and the results will be published soon 6 . They have shown that at a critical flow rate the splay-bend deformation is transformed into a srew like deformation.
